Abstract Objective of the study was to assess effect of iron therapy on serum hepcidin levels in iron deficient pregnant women and its correlation with hemoglobin, serum iron profile and C-reactive protein (CRP). A total of 100 pregnant women were enrolled in the study; 25 were included in the ''control group'' having normal hematological and biochemical parameters while 75 iron deficient pregnant women were enrolled in the ''patient group'' with low hematological and biochemical parameters. CRP was done to rule out inflammation and to observe its association with hepcidin. Intravenous iron was administered to the patient group. Post treatment CBC, serum iron, serum ferritin and serum hepcidin were determined. Difference between pre and post treatment hemoglobin, serum iron, serum ferritin and serum hepcidin levels were determined and correlation among them was calculated. Post treatment serum hepcidin levels were significantly higher than pretreatment level (p = 0.001). However, no correlation was seen between serum hepcidin, serum iron, serum ferritin and hemoglobin. Hepcidin levels remain low during pregnancy as there is increased demand for iron in pregnancy. Iron supplementation results in increased hepcidin levels; however no mathematical correlation was found between serum hepcidin level and serum iron profile.
Introduction
Insufficient amount of dietary intake of iron, excessive loss of iron or its increased demand results in iron deficiency anemia (IDA) [1] . IDA affects nearly 700-800 million people worldwide [2] . It is most prevalent in old age, lower socioeconomic group and in women of child bearing age [3] .
Anemia in pregnancy is a common problem. WHO has defined anemia in pregnancy as hemoglobin level below 11 g/dl. Anemia in pregnancy is multifactorial of which iron deficiency is the most common cause [4] . Iron demand increases in the second and third trimester of pregnancy. Increase in oxygen consumption by both mother and fetus tends to increase red cell mass which requires iron. Early placental development and fetal growth also requires iron [5] . Adequate nutritional supply and proper iron supplementation is required to fulfill this increased demand. Poor nutrition and lack of iron supplementation along with increased demand leads to iron deficiency anemia [6] .
Treatment of IDA according to American college of Physician's recent guidelines [7] is oral iron supplementation which is economical and effective. Ferrous sulphate is given as 200 mg twice daily [8] . Treatment of IDA with oral iron supplements is however limited by gastrointestinal absorption problems. It is also ineffective in treating IDA with coexisting acute or chronic conditions such as celiac disease, H. pylori infection and autoimmune atrophic gastritis. In pregnancy moderate to severe anemia is treated with parenteral iron sucrose infusion which has an established role in the correction of IDA in pregnancy [9, 10] .
Proliferation, growth and functions of cells require sufficient amount of iron. Transferrin regulates the systemic iron homeostasis by controlling the entry of iron into the plasma. Iron bound to transferrin is obtained from various sources i.e. reticuloendothelial macrophages, senescent red cells and the absorbed dietary iron by enterocytes [11] . Iron absorbed from the enterocytes is either bound with apoferritin or ferroportin. Iron incorporated in ferritin is lost after the exfoliation of the cells. While iron bound to ferroportin is transported from the enterocytes into the plasma. Ferroportin thus plays an important role in the exit of iron from the enterocytes into the plasma [12] .
Ferroportin is regulated by hepcidin; one of the most important regulators of iron metabolism with a molecular weight of approximately 28 Da [13] . It is encoded by hepcidin antimicrobial peptide (HAMP) gene located on the long arm of chromosome 19 at position 13.1(19q13.1) [14, 15] . Hepcidin binds with ferroportin, relieves it from the cell membrane which then enter into the lysosomal compartment for degradation [16] . Synthesis of hepcidin increases with increased plasma iron or stores, infections and inflammation through SMAD and STAT3 pathways. SMAD and STAT 3 pathway increases hepcidin expression which degrades ferroportin and inhibits iron absorption [17] . SMAD pathway is activated by bone morphogenic protein-6 (BMP-6) and its co-receptor hemojuvellin (HJV). BMP-6 combines with HJV and phosphorylates SMAD to form SMAD-1/-5/-8-SMAD-4 complex. This complex translocates to the nucleus and induces the transcription of HAMP gene which in turn stimulates hepcidin production [18] .
Decreased plasma iron levels, anemia (hypoxia) and increased erythropoiesis suppresses the synthesis of hepcidin which in turn increases ferroportin synthesis and transports of iron from the enterocytes into the plasma [19] . Hepcidin expression is suppressed by several factors that include SMAD 7 protein, growth differentiation factor 15(GDF15), twisted grastulation factor 1(TWSG1), erythropoietin, hypoxia inducible factor (HIF) and matriptase. SMAD7 inhibits SMAD protein that mediates a negative feedback loop to both TGF-b and BMP signaling [20] . At cellular level iron is regulated by iron regulatory protein (IRP) which inhibits production of divalent metal transporter (DMT1) during high intracellular iron levels and vice versa [18] .
Iron deficiency anemia is diagnosed partly on signs and symptoms but mostly by conventional laboratory investigations which include serum iron, serum ferritin and less commonly the soluble transferrin receptors estimation. These tests have certain limitation; the commonly available laboratory test such as serum iron fails to reflect accurate iron status after iron supplementation in pregnant women.
Objective of this study was to assess the effect of parenteral iron therapy on hepcidin levels in iron deficient pregnant women and to observe the correlation between serum hepcidin level with hemoglobin, serum iron and serum ferritin.
Materials and Methods
This study was conducted at Baqai institute of hematology and Fatima hospital, Baqai medical university, Karachi. Samples were collected from pregnant females. One hundred subjects were enrolled and divided into two groups. Seventy five pregnant females in the 2nd and 3rd trimesters with low hemoglobin, decreased red cell indices, increased red cell distribution width (RDW) and microcytic hypochromic red cells having no history of parenteral iron infusion or oral iron supplements in the recent pregnancy and no history of allergic reactions to parenteral iron infusion were included in the 'patient group'. Twenty five normal healthy pregnant women in the 2nd and 3rd trimesters with normal hematological parameters and no history of recent illness or intravenous iron infusion were constituted as the 'control group'. Written informed consent was taken from all subjects enrolled in the study which was approved by the ethics committee of Baqai Medical University, Karachi.
Design
Purposive non-probability sampling technique was used and the study was conducted in three steps.
Step I Blood samples from pregnant females were collected from the antenatal OPD and obstetrics ward of Fatima hospital, Baqai medical university, Karachi. Before collection of the samples each subject was made aware of the entire procedure and their signatures were obtained on the consent form along with their phone number and address for follow-up. 5 ml of venous blood was collected under aseptic conditions from each individual. Each blood sample was divided into two aliquots. 2 ml of blood was added to an anticoagulant tube and was used for complete blood count (CBC). Rest of the 3 ml of blood was added to a serum separator tube (gel tube) and allowed to stand for 30 min. After 30 min, the gel tubes were centrifuged at 2000 rpm for 10 min. Serum was separated after centrifugation. Serum iron, serum ferritin, and C-reactive protein (CRP) of all blood samples were determined. Sera of both groups were stored at -20°C for subsequent analysis of serum hepcidin.
Step II Intravenous iron infusion was given to the pregnant iron deficient females according to the following protocol;
1. Two ampoules (200 mg) of iron sucrose diluted with 100 ml N/S were given as intravenous infusion over 60 min. 2. First 25 ml of infusion was given at 5-10 drops/min as a test dose. 3. In the absence of any allergic reactions the rest of the 75 ml was infused at a moderate rate of 30 drops over approximately 45 min.
Step III Post treatment blood samples were collected from the patient group after 20 days of iron infusion. Blood samples were tested for serum iron, serum ferritin and hepcidin.
CBC (including all blood cell counts and red cell indices i.e. Hb, TWBC, platelet, PCV, MCV, MCH, MCHC, RDW) was determined on all pre and post iron blood samples collected from patients, using automated cell analyzer (Sysmex XP 100 Tokyo Japan). Peripheral smears were made, air dried and stained with Leishman's stain. Serum iron was determined by colorimetric analysis using Spinreact iron-ferrozine kit. Serum ferritin was determined by Enzyme Linked Immuno Sorbant Assay (ELISA) using Biochek, INC kit (BC-1025). Serum hepcidin was determined by ELISA using Human Hepcidin 25 (Hepc-25) ELISA kit (SL2089Hu). CRP was determined using automated analyzer. From the control group only one random blood sample was obtained from each subject and CBC, serum iron, serum ferritin, serum hepcidin and CRP were performed. No iron treatment was given to the control group.
Statistical Analysis
Data was analyzed using SPSS Version 20.0. Descriptive statistics was used for calculating mean, range and standard deviation. Student t test was used for comparison between the two groups while Pearson correlation was used for correlation between the two groups.
Results

Complete Blood Count and Biochemical Parameters in Normal and Iron Deficient Pregnant Women Before Iron Therapy
Females of 24th to 32nd weeks with hemoglobin level greater than 11 g/dl and normal MCV, MCH and MCHC constituted the control group. Biochemical parameters including serum iron, serum ferritin and serum hepcidin were assessed. Pregnant females of 24th to 32nd weeks with decreased hemoglobin, MCV and MCHC and decreased serum iron and serum ferritin formed the patient group. Results of the control and patient groups are shown in Table 1 . Table 2 shows the results of pretreatment and post treatment levels of hemoglobin, serum iron, serum ferritin and hepcidin in iron deficient pregnant females. Differences between the pre treatment and post treatment values were statistically significant. Differences of the hemoglobin, serum iron, serum ferritin and serum hepcidin of the iron deficient group were calculated by subtracting post treatment values from pretreatment baseline. Correlation between them was analyzed during Pearson correlation. A statistically significant correlation was seen between serum iron on the one hand and serum ferritin on the other with a correlation (r = 0.333) and (p \ 0.001). No correlation was seen between serum iron and hemoglobin. Serum hepcidin increases when iron is given, but there is no linear correlation between it and hematological pattern as shown in Table 3 .
Comparison of Pre and Post Treatment Levels of Hemoglobin, Serum Iron, Ferritin and Hepcidin in Iron Deficient Pregnant Females
Discussion
Iron deficiency anemia is associated with low levels of hepcidin in serum. This is brought about by a series of complex reactions resulting in reduced hepcidin production and increased iron absorption as explained below. Hypoxia inducible factor-1a (HIF-1) and factor-2a (HIF-2a) activate matriptase, a serine protease found in the liver [21] . Activated matriptase increases iron absorption through a series of reactions [22] ; as illustrated in the following Fig. 1 . This study was undertaken with the object of assessing the hepcidin levels in iron deficient women in pregnancy and the effect of iron therapy on hepcidin levels in these patients. Iron was administered in the form of parenteral iron and the response of hepcidin was studied along with serum iron, serum ferritin and hemoglobin levels. Parenteral iron was chosen because it rapidly increases serum iron and to eliminate patient noncompliance.
It was postulated that serum hepcidin, serum iron, serum ferritin and hemoglobin levels which are usually low in pregnancy will increase after giving parenteral iron therapy. For this purpose, hemoglobin, serum iron, serum ferritin and serum hepcidin levels before and after giving iron therapy were assessed. CRP was also determined to exclude any inflammatory condition.
There was an increase in the hepcidin levels when iron was administered in the parenteral form in iron deficient anemic pregnant women. Mean ± SD values between pretreatment and post treatment serum iron, serum ferritin, serum hepcidin and hemoglobin in iron deficient pregnant females showed significant difference; p value being \0.001 as shown in Table 2 .
Several studies confirm the findings of our study i.e. hepcidin levels along with serum iron, serum ferritin and hemoglobin increase when iron is given in parenteral or oral form. Moretti et al. [23] showed similar increase in serum hepcidin levels and various iron parameters in iron depleted but non anemic women of reproductive age group when given iron. Hwang et al. [24] found an increase in serum hepcidin and iron profile after single dose of oral iron in iron deficient as well as non-sideropenic healthy females. Berglund et al. [25] observed a rise in serum hepcidin levels when oral iron was given to iron deficient infants. Iron supplementation also increases iron level in the blood.
When difference of serum hepcidin, serum iron, serum ferritin and hemoglobin was taken into consideration and Pearson correlation was applied, no significant correlation was seen between serum hepcidin and hematological parameters as shown in Table 3 . There was a positive correlation between serum iron and serum ferritin. It was found that the total increase in hepcidin values does not correlate with that of serum iron and serum ferritin, suggesting that serum hepcidin level is an independent marker and does not accurately predict the iron stores in iron deficient pregnant women after iron supplementation. Utilization of this correlation was to find out whether changes in hepcidin levels appropriately predict iron stores in pregnant women when given iron supplements. According to our findings hepcidin does have an association with iron but no mathematical correlation was observed between hepcidin, serum iron and serum ferritin. Hepcidin levels are low during pregnancy as there is increased demand of iron in pregnancy and the demand increases in the second and the third trimester; therefore hepcidin level remains low in pregnancy, its level further decreases till term [26] .
Simavali et al. [27] and Heddegran [28] support our observation that no correlation exist between serum hepcidin, serum ferritin and an inflammatory marker i.e. CRP in pregnancy. However, urinary hepcidin levels are positively correlated with ferritin levels in first trimester of pregnancy [29] .
Limitations of our study include lack of serum transferrin receptor estimation, single stat dose of iron and absence of longer duration of patient follow up. Further studies are recommended to see the effect of iron supplementation on hepcidin level over longer duration and to establish standard values of hepcidin in normal pregnant women in each trimester.
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